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Definitions for a single particle A 



m = m A 
r = r A 

V = V A 

a = a A 



Work 



Impulse 



rr 2 

/ ma • 



\\ I ma-dr — >■ W = A^m\ 2 



h 

1=1 madt — > I = Amv 



/•«2 

/ ma 

Jt\ 

Conservation of Energy 



1 2 f 2 

A£ = Ajmv —J ma-dr — > AZ? = — ► E = const 
Conservation of Momentum 



■f 2 

AM = Amv- / macff — ► AM = — > M = cows? 



/ ma 
Principle of Least Action 

<5 f \my 2 dt + f ma-<5rcif = 
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Definitions for a single biparticle AB 



m = m A m B 
r = r A - r B 

V = V A - V B 
a = 3a — 3b 



Work 



Impulse 



rr 2 

/ ma • 



\\ I ma-dr — >■ W = A^m\ 2 



h 

1=1 madt — > I = Amv 



/•«2 

/ ma 

Jt\ 

Conservation of Energy 



1 2 f 2 

A£ = Ajmv —J ma-dr — > AZ? = — ► E = const 
Conservation of Momentum 



■f 2 

AM = Amv- / macff — ► AM = — > M = cows? 



/ ma 
Principle of Least Action 

<5 f \my 2 dt + f ma-<5r(if = 
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Definitions for a single particle A (vector u) 

m = m A 

u = or (r A ) or (v A ) or (a A ) or • • • 
u = du jdt 
u = d 2 u/dt 2 



Work 

/u, 



W= I mu-du — ► W=Ajmu 2 



ru 2 

/ mii 

Impulse 



«2 

1=1 miidt — > I = Amu 



^ .. 
/ mu 

Conservation of Energy 



/• u 2 

AE = A^mu 2 — mu-du — ► AZ? = — > E = const 



Conservation of Momentum 



*2 

AM = Amu - / miiA — ► AM = — > M = const 
h 



rn 

iu — mii 
Principle of Least Action 

8 / \mu 2 dt + / mu-8udt = 

Jt\ Jt\ 



Definitions for a single biparticle AB ( vector u ) 

m = m A m B 

u = or (r A -r B ) or (v A -v B ) or (a A -a B ) or 
u = du jdt 
u = d 2 u/dt 2 



Work 

/u, 



W= I mii-du — ► W=Ajmu 2 



ru 2 

/ mii 

Jill 

Impulse 



h 

1=1 miidt — > I = Amu 



^ .. 
/ mu 

Conservation of Energy 



r u 2 

AE = A^mu 2 — mii-du — ► AZ? = — > E = const 



Conservation of Momentum 



■t 2 

AM = Amu - / miidt — ► AM = — > M = conrt 



/•r 2 

iu — mii 
Principle of Least Action 

5 / \m\x 1 dt + / mii-<5u<i? = 
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Appendix 

If we consider a single particle of mass m then 

a-a = (1) 

ma-ma = (2) 

(ma — ma)-<5r = (3) 



sf \my 2 dt + [ ma-8rdt = 



(4) 



d ( d\my 2 \ d\my 2 dr 
dt \ dq k J dq k dq k 



Equation (3) is the D'Alembert's Principle. 
Equation (4) is the Hamilton's Principle. 
Equations (5) are the Euler-Lagrange Equations. 

D'Alembert's Principle 

In equation (3) if a = F/m then 
(F-ma)-<5r = 
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Hamilton's Principle 

In equation (4) if a = F/m then 

5 f 2 \my 2 dt + f' 2 F-8rdt = 

Jti Jt\ 

If — SV = F • Sr and since T = |mv 2 then 
5 f' 2 (T-V)dt = 

Since L = T — V then 

rh 

8 L dt = 

Euler-Lagrange Equations 

In equations (5) if a = F/m and <2/t = F • dr/dqk then 

<f / <9±mv 2 \ ^mv 2 _ 
dt y dq k J dq k 

If — dV /dqk = Qk and dV /dqk = and since T = |mv 2 then 

d f d(T-V) \ d(T-V) _ Q 
dt \ dq k ) dq k 
Since L = T — V then 
d f dL\ dL _ 
dt \dq k J dq k 
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Appendix II 



k = ■■■ or (m A ) or • • ■ 

k = ■■■ or (m A ra B ) or ■ ■ ■ 

u = or (r A ) or (v A ) or (a A ) or • • • 

u = or (r A -r B ) or (v A -v B ) or (a A -a B ) or ■•• 

u = du jdt 

u = d 2 u/dt 2 



Conservation of Scalar U 




AU = 



U = const 



Conservation of Vector U 



AU= Aku - 




kudt I (k) 



AU = 



LF = const 
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